The provisioning of the quality to end users is a major objective for the successful deployment of multimedia services over the Internet. It is more and more evident from past research and service deployments that such an objective often requires a collaboration among the different parties that are involved in the delivery of the service. This paper specifically focuses on the cooperation between the Over-The-Top (OTTs) and the Internet Service Providers (ISPs) and propose a novel service delivery approach that is purely driven by the Quality of Experience (QoE) provided to the final common users. Initially, we identify the need of the collaboration among the OTTs and the ISPs where we not only highlight some of the enterprise level motivations (revenue generation) but also the technical aspects which require collaboration. Later, we provide a reference architecture with the required modules and vertical interfaces for the interaction among the OTTs and the ISPs. Then, we provide a collaboration model where we focus on the modeling of the revenue, whose maximization drives the collaboration. The revenue is considered to be dependent on the user churn, which in turn is affected by the QoE and is modeled using the Sigmoid function. We illustrate simulation results based on our proposed collaboration approach which highlight how the proposed strategy increases the revenue generation and QoE for the OTTs and the ISPs hence providing a ground for ISP to join the loop of revenue generation between OTTs and users.
Introduction
In Other works addressed the pricing strategies between ISPs and OTTs. In 
User Churn

157
According to the study conducted in [20] , quality and pricing are consid- where P i,j is the price to be paid to subscribe to the j-th class of service of 325 application i. As a general example, a user n will subscribe to the service Recall that our collaboration is driven by the maximization of the revenue 
368
The combined revenue for the i-th OTT and the ISP (we are not sepa-369 rating the revenue) can be computed as follows
where i = 1, 2, 3, ..., I indexes the OTTs collaborating with the ISP and N
is the total number of users belonging to the j-th class calculated at time 372 t x for the i-th OTT service. P i,j is the price to be paid for subscribing to 373 the j-th class of service of the i-th OTT application. Accordingly, the total 374 revenue generated by the collaboration between the ISP and all the OTTs 375 can be calculated as
The evolution of N x i,j over the time depends on the churn effect, i.e., the 377 process of users leaving the service. Hence, we consider that the users being 
where U i,j is the user churn function that is defined in the Section 5.3 and limited works exist about the study of the impact of QoE on the user churn.
397
One major obstacle is that to predict/model user churn in terms of QoE re- 
where QoE i,j is the quality delivered to the j-th class of service of the i-th
409
OTT service, whereas QoE paid to be subscribed to that class of service.
431
It is important to note that we defined the user churn function following utility, which implies three conditions:
We also want to stress that the proposed user churn function can be better 441 calibrated when data about user behavior is available. 
Revenue Maximization
443
With the complete modeling of the revenue we can now achieve the target 444 of its maximization with a coordinated control of OTTs and ISP. Specifically, 445 they target the maximization of an average revenue computed during a ref-
446
erence period t X 1 − t X 2 as follows 447R * = max and corrupted by packet loss:
where v 1 = 3.8, v 2 = 4.9, v 3 = 3.6 and v 4 = 3.5 are the coefficients of the 
509
The model is as follows:
where, for videos with medium content movement, encoded with the H.264 
512
Also the model in eq. (7) can take into account the effect of the PLR if 513 multiplied for the exponential factor of eq. (6). Therefore, we consider the 514 model in eq. (9) for evaluating the QoE provided by SD videos:
Both the models in eq. (6) and eq. (9) measure the QoE with values ranging 516 from 1 (Bad quality) to 5 (Excellent quality) as the MOS.
517
The E-Model is a planning parametric model defined by the ITU for VoIP 518 applications, which measures the voice quality in terms of the R-factor, i.e., 519 a quality index ranging from 0 to 100, where 100 is the best quality. The 520 R-factor is defined in terms of several parameters as follows
where I s is the signal-to-noise impairment, I d is the impairment associated voice packets during an assessment interval, P LR is the packet loss ratio, and
532
CODEC is the used speech encoding scheme.
533
The quality degradation caused by one-way delay when echoes are per-534 fectly removed are calculated as
where 536
On the other hand, the quality degradation caused by equipment impair-ment factors are calculated as
538
I e (CODEC, P LR) = a 1 + a 2 · ln(1 + a 3 · P LR)
where a 1 , a 2 and a 3 are coefficients obtained through a logarithmic regression 539 analysis depending on the used speech codec. For example, for the G.729a 
Simulation results
552
The simulation scenario considers two OTT applications which are deliv- choose between two different plans: standard plan (service class 1) at price 558 P i,1 and premium plan (service class 2) at price P i,2 , with P i,1 < P i,2 . The 559 subscript i identifies the OTT application. We consider normalized prices so 560 that P i,1 , P i,2 ∈ [0, 1]. Each user subscribes to one of the two proposed plans 561 on the basis of his/her willingness to pay W n i,j , where n indexes the user.
562
We assume that the user is at least a standard user, then W n i,j ∈ [P i,1 , 1].
563
As a consequence, if P i,1 ≤ W n i,j < P i,2 the user is a standard user, while if 564 W n i,j ≥ P i,2 the user is a premium user. Therefore, for the application i, there 565 will be N i,1 users subscribed to the standard plan and N i,2 users subscribed to the premium plan, while the total number of users N i will be N i = N i,1 +N i,2 .
567
On the application side, with regard to the video streaming application, 568 standard users can watch videos only at Standard Quality (SD), i.e., with 569 a resolution of 720x480 pixels, whereas premium users can watch videos at
570
HD quality, i.e., with a resolution of 1440x900 pixels. On the other hand, 
576
On the network side, there is a difference between the NC and JV ap- Specifically, for the video streaming application, a minimum bandwidth of 581 2M bps and 5M bps is guaranteed to standard and premium users, respec-582 tively. In fact, generally a HD video is encoded at a bitrate ranging from 583 1.5M bps to 4M bps whereas a SD video is encoded at a bitrate ranging from 584 500kbps to 2M bps [43]. Furthermore, a PLR lower than 0.3% is guaranteed to 585 premium users whereas for standard users the maximum PLR will be 1.5%.
586
These PLR values are selected on the basis of the study in [38] where the 587 influence of the PLR on the QoE for video streaming has been investigated.
588
With regard to the VoIP application, on the basis of the study in [41], a 589 one-way delay lower than 100ms and a PLR lower than 1% are guaranteed 590 to premium users whereas for standard users the maximum one-way delay 591 and PLR will be 350ms and 5%, respectively. As discussed in Section 5.1, we 592 express the quality of the service classes in terms of ELA and therefore we 593 assume that with these network and application parameters the JV approach 594 can provide at least a quality of 3 (Fair quality) to standard users and of 4 595 (Good quality) to premium users.
596
For the NC approach, the total bandwidth is divided in equal parts to 597 each user with no guarantee of minimum bandwidth provided. Furthermore,
598
for PLR and delay we consider the same maximum values selected for the 599 standard users of the JV approach. Once the starting number of users for each class of service are assigned, approach there is no distinction between standard and premium services be- OTTs adopt the proposed collaboration approach they will not only increase 701 the revenue but will also provide better QoE to their users with relatively 702 lower prices.
703
Though the QoE based service delivery requires the collaboration among
704
OTTs and ISPs, the research in this domain is suffering from key challenges.
705
One of these is that no inter-operable interface exists to date which con- 
